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1. SCOPE

This document provides the run test procedure applicable to the EMC tests of the AMS02-PDS:

Model: PFM
Part number: 10-AMS02PDS-000.00
Serial number; FM 01

The tests to be performed according to this procedure are to demonstrate the compliance of the above item to the
requirements specified in the applicable documents as part of the overall verification program. The test results shall
be collected in a Test Report.

The document merges the following contract deliverables:

o DEL0g96
o DEL 097

2. DOCUMENTS
21 APPLICABLE DOCUMENTS

AD Doc. Number Issue / Date Rev Title f Applicability Remarks

1 AMS-RQ-CGS-002 1/ April 2007 N.A. | PDS Specification

AMS02 PDS DESIGN
2 PDS-PL-CGS-003 1 /11-05-2009 | N.A. | DEVELOPMENT AND
QUALIFICATION PLAN

Altached Payload Interface
Requirements Document,
International Space Stafion
Program

3 SSP 57003 June 17, 2003 B

2.2 REFERENCE DOCUMENTS

RD Doc. Number Issue / Date Rev Title / Applicability Remarks

1 | 10-AMS02PDS-000.00 28/07/2008 / | AMS02 Power Distribution
System Assembly
2 | 10-AMS02PDS-000.01 28/07/2008 / AMSO02 Power Distribution
System Assembly Parts List
3 | 10-AMS02PDS-000.02 08/06/2009 A AMS02 Power Distribution
System ICD

3. ACRONYMS

APM  Attached Payload Model

C.l. Configuration Item. Also called Part Number (P/N)

CGS  Carlo Gavazzi Space

CE Conducted Emissions

Cs Conducted Susceptibility

Questo documento contiene informazioni di proprietd di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
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FM Flight Model

NA Not Applicable

P/N Part Number. Also called Configuration ltem C.I.
PA Product Assurance

PDS Power Distribution System
PFM  Proto Flight Model

PVS Procedure Variation Sheet
RE Radiated Emissions

RS Radiated Susceptibility
QA Quality Assurance

S/IN Serial Number

TE Test Equipment

UUT  Unit Under Test

4. PARTICIPANTS REQUIRED
41 GENERAL

All test will be performed under QA surveillance in accordance with and following detailed procedure of applicable
PA Plan.

4.2 RESPONSIBILITY

The technical responsibility for testing and test results is up to the Engineering Department.

QA is responsible for ensuring that all the agreed procedures are carefully observed, that test equipment and
instrumentation used during testing are calibrated and within validity date, that the test data sheets are recorded in
the Test Report and signed by the operators and QA witnesses, that all non conforming condition and test results

are properly documented and nofified to the Prime Contractor and that all requirements of applicable PA Plan,
Specification and Statement of Work pertaining to the acceptance tests are fully satisfied.

4.3 QA WITNESS OF TEST AND SIGN-OFF

QA inspector, or its delegate, shall witness the tests described in this procedure in accordance to the requirement
specified in the applicable PA Plans.

44 NON CONFORMANCE AND FAILURES

Any malfunction/defect which occurred during the test will be processed along the Non Conformance Procedure
described in the applicable PA Plans.

4.5 CALIBRATION REQUIREMENTS

All instruments used for testing shall be calibrated.

Evidence of certification shall be provided by a label attached to the instruments itself, showing the calibration date,
the expiring date and the signature of the operator.
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5. TEST ARTICLE

The test article consists of AMS02-PDS PFM Unit {see Para. 1 for Part Number and Serial Number)

Before starting the test, model, P/N and S/N of the test article to be tested shall be recorded on the step-by-step
procedure sheets under the table cell “UNIT UNDER TEST".

6. TEST CONFIGURATION

The following general requirements shall be taken into consideration:

During EMC tests the UUT shall be placed on and grounded to a copper test table.

Power cable from LISN to UUT during conducted tests shall be 2 meter long.

All cables shall be placed 5 cm above the ground plane using insulated stand-off's.

Power and signal cables shall be taken 2 cm far cne to each other.

Power cables shall be routed 10 cm from the edge of the copper test table.

UUT shall be operated by UUT TE and as prescribed in the User Manual

UUT TE shall be used for providing, where applicable, on/foff-line requirements verification.

To avoid high frequency ground loops, test receiver for test above 30MHz shall be placed outside the test
chamber. All accessory equipment shall be checked to ensure that they will not affect measurement integrity.
During emission tests the indicated levels shall be never exceeded when the equipment power supply and
operations are set to the conditions yielding the maximum emissions.

During susceptibility tests the equipment operation and test set-up shall be such that the susceptibility is
maximized.

If susceptibility is noted, the level of the disturbance shall be decreased until full performances of the UUT are
reached.

Investigation shall be performed to verify which is the most interfering signal (in terms of modulation, repetition
rate, sweep rate, etc...) for the UUT.

The threshold level and each pertinent data shall be recorded.
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6.1 TEST SETUP

This paragraph contains the test set up to be used during the EMC tests.
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Figure 6-1. General EMC Test Set-up
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Figure 6-2: Conducted Emission Frequency Domain Test Set-up
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Figure 6-3: Conducted Emission Current Time Domain (Inrush Current} Test Set-up
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Figure 6-4.: Conducted Emission Load Broad Band Voltage Emission / Load Transient Test Set-up
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Figure 6-5. Input Sine Wave Injection (30Hz + 50kHz) Test Set-up (Transformer Coupling)

The 100 microfarad capacitor may be required as a shunt to dc power source impedance if difficulty is encountered
in obtaining the required test voltage.
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Figure 6-6: input Sine Wave Injection (50kHz + 50MHz) Test Set-up (Capacitor Coupling)
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Figure 6-7: Transient Voltage Spikes Conducted Susceptibility Test Set-up
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Figure 6-8: Normal & Abnormal Voltage Transients and Large Signal Stability Test Set-up
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Figure 6-9: Oulput Sine Wave Injection (30Hz + 50kHz) Test Set-up (Transformer Coupling)
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Figure 6-10: Output Sine Wave Injection (50kHz + 50MHz) Test Set-up (Capacitor Coupling)
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Figure 6-11: Radiated emissions setup
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6.2 GROUNDING

6.21 GROUNDING OF THE UNIT UNDER TEST

During all the EMC tests the unit under test shall be bonded to a copper table. The thickness of the table shall be 5
mm and the area shall be 2 square meters with the smaller side of 1 meter.

The table shall be bonded to the shielded chamber. The DC resistance between table and shielded chamber shall
be less than 10mqQ.

Only the provision included in the design of the unit under test shall be used to bond the unit under test to the
ground plane. The bonding strap used to connect the unit under test to the copper test table shall have its length
lower than five times its width. The bonding strap shall consist of copper and shall have a minimum thickness of
0.5mm.

6.2.2 GROUNDING OF THE TEST INSTRUMENTATION

The grounding of test instrumentation shall be in accordance with the following rules to avoid the generation of false

data which may be introduced by ground loops:

e The interference measuring equipment shall be physically grounded with only one connection

» The interference instruments shall be connected to the AC power source through an isolation transformer

¢ The rod antenna metal base plate shall be bonded to the ground plane with strap of such length that the rod
antenna can be positioned correctly. The width of the strap shall be the same of the metal base plate.

6.3 AMBIENT NOISE

During emission tests the ambient noise level, measured before starting the tests with the unit under test in “OFF”
condition and all simulators and monitors (dedicated test equipment) in “ON" condition, shall be at least 6dB below
the allowable specified limits.

Questo documento contiene informazioni di proprieta di CARLO GAVAZZl SPACE SpA. Tutti i diritli sono riservali.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. Alf right reserved.




\ 4

CARLD QOVATEXY

N° Doc:
Doc N*:

PDS-PR-CGS-016

AMSOZ'P DS Bdiz: 5 D3 o4107/2009

v Issue: Date:
PDS PFM EMC PRECOMPLIANCE AND  |Pagina 5, di  4ag
CARLO GAVAZZI SPACE SpA | REDUCED RADIATED TEST PROCEDURE | Page of
6.4 REQUIREMENTS CROSS REFERENCE
Cross reference among requirements and procedure steps is provided in Table 6-1.
AMS-RQ-CGS-002 SSP 57003 Procedure
Requirement Requirement Section
4.1.4.2 Peak surge current 3.2.2.2.4 Surge Current 10.2.4 - 10.3.4
4.1.4.3 Ripple voltage and noise 3.2.2.1.2.1 Ripple voltage and noise 10.2.2-10.3.2
4.1.4.4 Transient voltages 3.2.2.1.3.1 Normal Transient Voltages | 10.4.4 -10.5.4
4.1.4.5 Abnormal veltage conditions 3.2.2.1.3.2 Fault Clearing Protection 10.4.56-10.5.5
4.1.4.7 PDS power input impedance 3.2.2.2.7 Interface C attached payload | 10.4.2 —10.5.2
complex load impedances
4.1.4.8 Large signal stability 3.2.2.2.8 Large Signal Stability 10.4.6 - 10.5.6
5.5.2.3.1 Conducted emissions 3.2.2.4. 4 Electromagnetic Interference | 10.2.1 —10.3.1
5.5.2.3.2 Conducted susceptibility— ripple voltage | 3.2.2.1.2.2 Ripple voltage spectrum 10.4.1 — 10.5.1
3.2.2.2.5 Reverse Current 10.6
5.5.2.4 Electrostatic discharge 3.2.2.4.5 Electrostatic Discharge 10.7

Table 6-1: Requirements Cross Reference
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6.5

The complete list of instruments used during tests shall be recorded in Table 6-5. The list shall be filled up during

tests and reported in Test Report.

PDS TEST EQUIPMENT

The following figure shows the main parts constituting the PDS Test Equipment.
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Figure 6-14; PDS Test Equipment
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6.6 SPECTRUM ANALYZER

A spectrum analyzer shall be used for the measurements of both conducted and radiated emission in frequency
domain. The spectrum analyzer shall be set in peak detection mode and shall present an accuracy better than +/-2
dB for levels and 2% for frequency. A R.F. pre-selector shall be used, together with the spectrum analyzer, to
increase the analyzer's tolerance to broad band overload.

To perform the tests the following resolution bandwidth shall be used:

Frequency range R':sa:.'nﬁ'ﬁf: nB‘fw

30 Hz + 1 kHz 10 Hz

1 KHz + 10 kHz 100 Hz

10 kHz + 1 MHz J a2

1 MHz + 50 MHz 10 kHz

Table 6-2: Conducted Emission Resolution Bandwidth

For each frequency range the video BW shall be three times the specified Resolution BW. The following criteria
shall be taken into account to determine if emissions are to be considered broadband or narrowband:;

» In peak analysis mode, switch the bandwidth from W1 to W2 (assuming that W2/W1 = 10). If there is a change
in the spectrum analyzer indications which is;
- lower than 10 dB - the signal shall be considered narrowband
- greater than 10 dB -» the signal shall be considered broadband

s Alternatively:
- Set the spectrum analyzer sweep time to a calibrated value
- Record the number of measured spectrum lines ("A" measurement)
- Increase the sweep time by a factor of two
- Record the number of measured spectrum lines ("B" measurement)
- If the ratio (A/B) is about two the signal shall be considered broadband, otherwise the signal shall
be considered narrowband.

The broadband signals are to be related to 1 MHz bandwidth using the relation:

«  dBuV/m/MHz = dBuV/m + 10 Log{W2/1 MHz) for incoherent signals
e dBuV/m/MHz = dBuV/m + 20 Log{W2/1 MHz) for coherent signals
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6.7 10 uF CAPACITOR AND LISN

During EMC tests a 10uF capacitor or a LISN (Line Impedance Stabilization Network) shall be connected on the
power line according to the following table:

TEST 10pF LISN
EC-01: Load NB Current Emission X
EC-02: RIPPLE VOLTAGE AND NOISE X
EC-03: Load Transient X
EC-04: PEAK and SURGE Current X
SC-01: Sine Wave Injection On Input DC Power Supply 30Hz to 50kHz |50kHz to 50MHz
SC-02: Input Impedance X
SC-03: Voltage Spike Transients Injection On DC Power Lines X
SC-04: Normal Voltage Transient Injection On DC Power Lines X
SC-05: Abnormal Voltage Transient X

Table 6-3: LISN or 10uF Capacitor use during EMC Tests

The 10uF capacitor insertion loss, measured into a 500 circuit (as required by MIL STD 220A), is shown in Figure
6-15.

The LISN circuit's schematic adopted for EMC tests is shown in Figure 6-16; the LISN impedance is shown in
Figure 6-17.
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Figure 6-15: 10uF Capacitor Insertion Loss
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Figure 6-16: LISN Electrical Schematic
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6.8 CURRENT PROBE

Conducted interference current shall be measured by means of special developed clamp-on current transformers.
The current probe transfer impedance, which is defined as the ratio of secondary voltage across a 50Q load to the
primary current, shall be furnished by the current prebe manufacturer.

The current probe correction factors shall be added to the Spectrum Analyzer measurement (read in dBuV) to
obtain the real emission in dBuA.

6.9 TEST HARNESS

During conducted emission and susceptibility tests the power cable shown in Figure 6-18 shall be inserted between
the TE Power Distribution Unit (PDU) and the UUT Power Input Connector.

UUT M
120V Power Input Connector

J_Scm
30cm
Injection points for CSP 50KHz - 50MHz
4 Measuring points for CSP and CEP spike tests
B Injection points for CSP 30Hz - 50KHz
Power
lines
10uF or
LISN
TE
PDU Sl 'I
/ ?l . Power On/Off
Switch
'7.,: 0-135V
Power Supply Unit

Figure 6-18: Power Cable For Conducted Emission and Susceptibility Tests
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6.10 TEST ANTENNAS

During RE and CE test, the antennas of following table will be used.

FREQUENCY : .
RANGE TEST ANTENNA CHARACTERISTICS
14kHz-30MHz |REO2 |Electrically short high impedance electric field probe, vertically
polarized. Traditionally the 41 inch rod with active or passive
matching to 50 ohms.
14kHz-30MHz |RS03 |The parallel plate (and numerous modifications). long wire. and
E—field generator are available and listed in order of preference,
The E—field generator should be reserved for the case in which the
EUT is too large for other methods.
30MHz-200MHz |RE02 |Dipole-like antennas. Typical antenna used in this band has been
RS03 |the MIL-STD—461 biconical. Care should be taken in the antenna
selection to ascertain that the balun does an adequate job of match-
ing the low frequency high antenna impedance of 50 ohms.
200MHz-1GHz |[REOQ2 |The traditional logconical and the logperiodic are available, The
RS03 |double ridge horn should be avoided. since the gain increases dras-
tically with frequency.
1GHz-10GHz RE03 |REO Broadband (ridged) or standard gain horns. Logconicals are
also available
10GHz— REQ2 |20-dB standard gain horns.
RS03

Table 6-4: Recommended test antenna characteristics

6.11 MEASUREMT ANTENNAS POSITION

6.11.1 LOCATION

When performing radiated emission and susceptibility tests, no points of the antennas shall be less than 30 cm from

the floor and ceiling and 1 meter from the walls of the shielded enclosure or obstruction.

6.11.2 LINEARLY POLARIZED ANTENNAS

For radiated emission measurements above 30 MHZ, linearly polarized antennas shall be positioned to measure the

vertical and horizontal components of the emission.

For radiated susceptibility measurements above 30 MHz, linearly polarized test antennas shall be positioned so as

to generate vertical and horizontal field.
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7. TEST CONDITIONS

- The UUT shall be tested in its defined configuration: it shall be properly closed, all electrical loads shall be
present and the UUT interface function(s) shall be simulated.

- Unless otherwise specified, all measurements shall be performed at the following ambient conditions:

Temperature: 25°C +/-3°C

Relative humidity: between 30% and 60% RH
Pressure; Ambient

Cleanliness: 100000 class

- All tests included in this document, unless otherwise specified, shall be performed in a proper test chamber in
order to minimize measurement noise contribution that can false the verification of the requirements related to
the running test procedure. General disposition shall be applied to maximize personnel safety from potential
hazards

- Connectors savers shall be used on PFM as applicable to protect the UUT interface connectors.

- Skilled personnel shall be employed.

- Allused instruments shall meet the necessary accuracy and shall not degrade the UUT performances.
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8. TEST PROCEDURE VARIATION SHEET

In case that for any reason the test procedure has to be changed, the change shall be described in a Procedure
Variation Sheet (PVS) as shown in the next page.

The PVS shall contain:

- Reference to the test procedure to be changed

- Reference to the relevant test, procedure page and paragraph
- Description of the change, possibly in the form was....is.....

- Reason for change

- Test Engineer, QA, Test conductor signatures and dates

- Customer signature and date (when required).

Each PVS shall be identified by a reference number provided in sequential order.

All the generated PVS shall be collected in a dedicated section of the Test Report.
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9. TEST DATA SHEETS

The step-hy-step procedure sheets are provided in the following pages.

9.1 DATA SHEETS FILLING UP

The following fields of the data sheets:

- UUT Data (including Model, Itemn, C.1., S/N)
- Measured value

shall be filled up during the tests execution and shall be part of the Test Report together with photographs,
sketches, etc. eventually useful to document the tests execution/results.

Remarks field shall be used as a minimum to provide, where appropriate, reference to NCRs and PVS.
Test Report reference data shall be added in the relevant field.

Each data sheet (including the attachments} shall be certified by QA stamp and signature together with the Test
Conductor signature and date.
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